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Abstract

28
Background
29
The domestication and subsequent selection by humans to create breeds and biological types of animal species including humans, dogs, horses, and chickens. Here, we attempt to identify and 35 characterize regions of the bovine genome that have been subjected to selective sweeps.
36
Results
37
Two datasets were used for the discovery and validation of selective sweeps via the fixation of 38 alleles at a series of contiguous SNP loci. BovineSNP50 data were used to identify 28 putative 39 sweep regions among 14 diverse cattle breeds. To validate these regions, Affymetrix BOS 1 40 prescreening assay data for five breeds were used to identify 114 regions and validate 5 regions 41 identified using the BovineSNP50 data. Many genes are located within these regions and the lack 42 of sequence data for the analyzed breeds precludes the nomination of selected genes or variants 43 and limits the prediction of the selected phenotypes. However, phenotypes that we predict to 44 have historically been under strong selection include horned-polled, coat color, stature, ear 45 morphology, and behavior.
46
Conclusions
47
The identified selective sweeps represent recent events associated with breed formation rather stature has also been found in the horse genome in a region upstream of a transcription factor 100 (LCORL) that is associated with variation in human height [19] . A 28 kb selective sweep in a 101 region of the swine genome harboring IGF2 has also been found for which the underlying 102 selected phenotypes are increased muscle mass and decreased fat deposition [20] . Domestic 103 animals have been demonstrated to be excellent models for genetic studies due to the availability 104 of extensive pedigrees and because, as species, they are frequently more genetically diverse than 105 humans [21] . However, relatively few selective sweep studies have been conducted to date in 106 livestock species to elucidate the genes which have been selected by humans to create the diverse 107 spectrum of breeds and specialized biological types for draft, milk and meat production.
108
In this study, we sought to identify the signatures of selective sweeps in cattle as genomic 109 regions in which contiguous SNPs from the BovineSNP50 assay were all individually fixed for a 110 single allele within a sample of 6,373 genotyped individuals representing 14 breeds (Table 1) .
111
Our goals are ultimately to identify the selected mutations and phenotypes which were selected 112 by our ancestral herdsmen in the processes of domestication and formation of breeds and 113 biological types.
114
Results
115
Regions identified as harboring selective sweeps using BovineSNP50 data 116 Twenty eight genomic regions on 15 chromosomes were identified as putatively harboring 117 selective sweeps (Table 2) . Selective sweeps were found in all 14 breeds; however, breed-118 specific selective sweeps were not identified in every breed. Twenty three predicted sweeps were 119 breed-specific and 5 were shared among two to seven breeds with 4 of those containing three or 120 more (Figure 1 ). Breed-specific sweeps averaged 336,263 bp and ranged in size from 207,050 to 121 702,424 bp whereas sweeps common to two or more breeds averaged 441,314 bp and ranged in 122 size from 214,554 to 866,260 bp. The haplotypes found at the core loci involved in each of these 123 putative selective sweeps were identical for each of the breeds in which the sweep was detected.
124
Three of the five selective sweep regions detected in two or more breeds involved both 125 beef and dairy breeds, whereas the 358 kb region on BTA12 is common to only the Angus, 
134
Validation of selective sweep regions using Affymetrix prescreening assay data 135 To validate the selective sweep regions identified using the BovineSNP50 data, we examined 136 ultra high-density SNP genotype data produced by the Affymetrix prescreening assay used for 137 the design of the BOS 1 array (AFFXB1P) for small samples from five breeds, of which four 138 were included in our BovineSNP50 data (Table 1) . Since only a subset of the 14 breeds 139 genotyped with the BovineSNP50 assay were also assayed with the AFFXB1P assay, we had the 140 potential to validate only 11 of the putative selective sweep regions identified in Table 2 Simmental breeds, were fixed for haplotypes that differed at a single SNP. The allele that varied 158 in the haplotypes that were swept to fixation on BTA16 was the 7th of 248 SNPs, whereas on 159 BTA21 the variable allele was at the 22nd of 30 SNPs, indicating a conserved core at both loci.
160
No sweeps were found in common between the four taurine breeds and the indicine Brahman.
161
Discussion
162
The BovineSNP50 data identified a sweep region towards the centromere of BTA1 harboring 11 163 contiguous monomorphic SNPs and spanning 301 kb in Angus (Figure 2 
167
The spotted locus affects the white points on the face, underline, feet and tail which are a 168 definitive characteristic of the Hereford breed. These breed-specific sweeps are clearly examples 169 of strong selection on loci which underlie phenotypes that are hallmarks of certain breeds and 170 where the underlying causal mutation is known or has been mapped to a chromosomal location.
171
Several regions in which we detected putative sweeps using the BovineSNP50 data 
179
Whether any of these pseudogenes are expressed is unclear; however, olfactory receptor loci 180 were detected as being recently duplicated within the bovine genome [25] on this MC1R haplotype to cause it to fail to be detected as a sweep using the high density data.
222
Finally, of particular interest is the fact that no sweep was identified in this genomic region in
223
Wagyu cattle suggesting that black coat color in Angus and Wagyu cattle may not be allelic. (Table 4) . in embryonic development may not be coincidental.
247
For the 66 breed-specific regions identified within the AFFXB1P data (Table 5) Of the four regions detected in three or more breeds in the AFFXB1P data, the first on for small , we must choose N to be sufficiently large that it would be highly unlikely to observe 368 N contiguous loci all with a MAF < due to chance alone and yet sufficiently small that the 369 targeted sweeps are not smaller than 37 × (N-1) SNPs are monomorphic within a breed, the probability that N contiguous SNPs are (Table 1) . As a consequence, the reliability of declaration of a selective sweep 452 is dramatically improved when sweeps are found to be common between breeds, particularly 453 when the breeds are phylogenetically distant. We found several sweep regions that were common 454 to two or more breeds and five predicted sweeps detected by the BovineSNP50 assay were 455 validated by the AFFXB1P data.
456
Identifying the mutations that underlie these sweep regions will be paramount to more 457 fully understanding the effects of human interaction on the genomes of domesticated cattle. for which selective value differed among the humans who developed these breeds.
473
Conclusions
475
We identified selective sweeps that appear to primarily have been due to breed formation events.
476
Due to the constraint that SNPs be variable in multiple breeds imposed during the design of the 477 utilized assays, we did not identify any sweeps that were common to all breeds within the study.
478
There were also no sweep regions predicted to be in common between breeds of taurine and 479 indicine descent probably reflecting the different environmental and demographic forces to 480 which these sub-species have been exposed during breed formation. For several of the detected 481 regions we are able to identify the phenotypes and genes that were subjected to selection or to 482 propose these based upon the results of previous mapping studies. However, for many of these probably not remarkable considering the fact that strong selection acts on these fitness traits and 486 that the time required to achieve fixation of variants of modest effect may be considerably longer 487 than the 200 years since breed formation during which strong human selection has acted.
488
We demonstrate that the resolution and SNP ascertainment bias inherent in the design of 
Materials and Methods
506
Samples, design, and genotyping
507
We utilized two data sets comprising high-density SNPs scored in animals that were registered (Table 1) . Genotypes scored in these animals were generated using the Illumina
512
BovineSNP50 BeadChip which assayed 54,001 loci with a median intermarker interval of 37 kb
513
[68, 69]. The second data set which was used both for the discovery of putative selective sweep 514 regions and for validation of results obtained from the analysis of the BovineSNP50 data set 515 comprised 58 animals from the Angus, Hanwoo, Simmental, Wagyu, and Brahman breeds (Table   516 2) which were genotyped with the Affymetrix prescreening assay comprising 2,787,037 SNPs 517 with a median intermarker interval of 975 bp that was used to generate allele frequency estimates 518 for the design of the Axiom Genome-Wide BOS 1 assay [70] .
519
The sampled breeds were chosen based on their geographical origins, historical uses by introgression between the breeds following breed formation.
526
SNP filtering
527
All X-linked loci were removed from the analysis due to the greater number of assembly issues 528 that are associated with this chromosome and also because the studied animals were male 529 resulting in a halving of the number of chromosomes sampled for each breed which leads to a 530 reduction in the precision of allele frequency estimation. retrieved included any genes that were fully or partially contained within each region.
567
Phenotypes known to be affected by variation in these genes were determined from a search of 
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